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(54) Shaft coupling mechanism 

(57) A shaft coupling mechanism of the present 
invention includes a rotary shaft (21) and a rotary cylin- 
der (3b) which are engaged with each other for trans- 
mission of a torque in a state where a predetermined 
phase shift therebetween is permitted. A first clearance 
which is to be reduced according to a phase shift 
between the shaft (21) and the cylinder (3b) and a sec- 
ond clearance which is always constant regardless of 
the phase shift are provided between the shaft (21) and 
the cylinder (3b). The mechanism further includes a 
hydraulic mechanism (36a. 40, 60, 36b. 50) for trans- 
forming a force applied as fluid pressure for reducing 
the first clearance into a force for retaining the shaft (21) 
in the second clearance. In the hydraulic mechanism, 
when first plungers (40) are respectively pushed by flat 
surfaces (22A) of the shaft (21), second plungers (50) 
respectively press curved surfaces ~(22B) of the shaft 
(21), thereby causing the shaft (21) to be coupled to the 
cylinder (3b). If the phases of the shaft (21) and the cyl- 
inder (3b) coincide with each other when the shaft (21) 
is not driven, the shaft (21) which has been held by the 
second plungers (50) is released, thereby allowing the 
attachment and detachment of the shaft (21). 
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Description 



SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a shaft coupling 
mechanism for coupling a rotary shaft to a rotary cylin- 
der. 

Description of Related Arts 

One exemplary shaft coupling mechanism is a roll 
coupling device wherein a roll shaft of a roll is inserted 
into an engagement opening formed in a roll coupling of 
a universal joint for a rolling mill. To facilitate the attach- 
ment and detachment of .the-, roll; for replacement 
thereof, the roll shaft is coupled to the engagement 
opening with a clearance provided therebetween in a 
so-called loose-fitting manner. 

However, vibration resulting from the clearance 
may produce adverse effects such as chatter marks and 
undulation of a rolled product. In particular, the vibration 
is a critical problem for a rolling mill such as a cold roll- 
ing mill which requires high accuracy. 

To eliminate the aforesaid problem due to the clear- 
ance, various coupling mechanisms are proposed in 
which, after a roll shaft of a roll is inserted into an 
engagement opening, the roll is coupled to a coupling 
with a hydraulic force generated by supplying an high- 
pressure oil into an oil chamber defined by the rolLshaft 
and the coupling (see Japanese Unexamined Patent 
Publication No.6-1 37338 (1994) and Japanese Exam- 
ined Patent Publication No.2-5931 (1990)). 

However, the coupling mechanisms disclosed in the 
aforesaid publications suffer the following problems (1) 
to (3): ; 



(1) A process for applying a hydraulic pressure is 
required after the roll shaft of the roll is inserted into 
the engagement opening, thereby increasing the 
number of process steps; M / . 

(2) Oil chamber sealing, hydraulic oil piping, a 
hydraulic pump and the like are required,; thereby 
complicating the construction of the coupling mech- 
anism and substantially, increasing the production 
cost; and 

(3) The oil chamber and other structures required 
for the oil supply are arranged around the roll shaft, 
thereby increasing diametrical and axial dimen- 
sional requirements for the roll. 
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Above problems can be found not only in the rotary 
shaft of a roll but also in various kinds of shaft coupling 
mechanism. 55 



It is an object of the present invention to provide a 
compact and inexpensive coupling mechanism that 
facilitates the attachment and detachment of a rotary 
shaft and eliminates vibration of the rotary shaft which 
would otherwise occur during the driving of the rotary 
shaft 

In accordance with one preferred mode of the 
present invention to achieve the aforesaid object, there 
is provided a shaft coupling mechanism including a 
rotary shaft and a rotary cylinder which are engaged 
with each other tor transmission of a torque in a state 
where a predetermined phase shift therebetween is 
permitted, wheran a first clearance provided between 
the rotary shaft and the rotary cylinder is adapted to be 
reduced according to a phase shift between the rotary 
shaft and the rotary cylinder, and a second clearance 
provided between the rotary shaft and the rotary cylin- 
der is always constant regardless of the phase shift. 
The shaft coupling mechanism further includes a 
hydraulic mechanism for transforming a force applied as 
fluid pressure for reducing the first clearance into a force 
for retaining the rotary shaft in the second clearance. 

In this mode, the force for retaining the rotary shaft 
in the second clearance is increased by the action of the 
hydraulic mechanism when the first clearance is 
reduced according to the phase shift produced between 
the rotary shaft and the rotary cylinder during the driving 
of the rotary shaft. Thus, the rotary shaft is firmly cou- 
pled to the rotary cylinder. On the other hand, when the 
rotary shaft is not driven, the reduction of the first clear- 
ance is readily canceled to reduce the force for retaining 
the rotary shaft in the sfecond clearance, thereby allow- 
ing easy attachment and detachment of the rotary shaft. 
Thus, the 'shaft coupling mechanism having a simpler 
construction, which is more compact and less expen- 
sive than the conventional hydraulic coupling devices, 
can be provided. :> : y v * 

In accordance with another, preferred mode of the 
present -invention] tfie 'rotary shaft has an outer periph- 
eral surface including a pair of flat surfaces disposed 
opposite to each other and a pair of curved surfaces dis- 
posed opposite to each uottier.^iEuid the rotary cylinder 
has an inner peripheral surface including a pair of first 
opposed I surfaces respectively facing opposite to the 
pair of flat surfaces, with a space including the first clear- 
ance interposed therebetween and a pair of second 
opposed surfaces respectively facing opposite to the 
pair of the curved surfaces with the second clearance 
interposed therebetween. The hydraulic mechanism 
includes first plungers respectively accommodated in 
first cylinders provided in association with the first 
opposed surfaces and adapted to approach the flat sur- 
faces when a phase shift occurs, the first plungers are 
shifted between projected positions and retracted posi- 
tions where the first plungers are pushed for retraction 
by the corresponding flat surfaces when the phase shift 
occurs; second plungers respectively accommodated in 
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second cylinders provided in association with the sec- 
ond opposed surfaces, the second plungers are shifted 
between projected positions where the second plungers 
can press the corresponding curved surfaces and 
retracted positions where the second plungers are 5 
spaced apart from the corresponding curved surfaces; 
communication paths for allowing the first cylinders to 
communicate with the corresponding second cylinders 
to form closed fluid lines; and biasing means for biasing 
the second plungers toward the retracted positions. w 

In this mode, when a torque is transmitted during 
the driving of the rotary shaft, the flat surfaces respec- 
tively push the first plungers into the retracted positions 
in response to the phase shift between the rotary shaft 
and the rotary cylinder. This allows oil to be supplied to 15 
the second cylinders from the first cylinders through the 
communication paths. As a result, the second plungers 
respectively press the curved surfaces, so that the 
rotary shaft is firmly coupled to the rotary cylinder. Thus, 
the occurrence of vibration can be prevented. On the 20 
other hand, where the phases of the rotary shaft and the 
rotary cylinder coincide with each other when the rotary 
shaft is not driven, the first plungers which have been 
pushed by the flat surfaces are released. Thus, the sec- 
ond plungers are pushed back to the retracted positions 25 
by the biasing means, and the oil flows back to the first 
cylinders from the second cylinders. As a result, the first 
plungers are shifted back to the projected positions. 
Since the clearances are provided between the flat sur- 
faces and the corresponding first opposed surfaces and 30 
between the curved surfaces and the corresponding 
second opposed surfaces, the rotary shaft can be easily . . 
attached or detached when the rotary shaft , is not 
driven. Therefore, the shaft coupling mechanism having 
a simpler construction, which is more compact and less 35 
expensive than the conventional hydraulic coupling / 
devices, can be provided. . 

In accordance with still another preferred mode of 
the present invention, the hydraulic mechanism further 
includes third plungers respectively accommodated in 40 
third cylinders provided in association with , the first - 
opposed surfaces which are spaced apart from the flat . v \ 
surfaces when the phase shift occurs, the third plungers t 
are shifted between projected positions where the third t-\ > 
plungers press the flat surfaces and retracted positions 45 
where the third plungers are spaced apart from the flat - ; - 
surfaces; biasing means for biasing the. third plungers 
toward the retracted positions; and communication . 
paths for allowing the third cylinders to communicate :* 
with at least either ones of the first cylinders accommo- so 
dating the first plungers or the second cylinders accom- . 
modating the second plungers. In this mode, when the 
phase shift occurs, the flat surfaces spaced apart from 
the first opposed surfaces are pressed by the third 
plungers, so that the rotary shaft is firmly coupled to the ss 
rotary cylinder. Therefore, the occurrence of the vibra- 
tion can be assuredly prevented. On the other hand, 
when the rotary shaft is not driven, the third plungers 



are pushed back to the retracted positions by the bias- 
ing means. 

In accordance with yet another preferred mode of 
the present invention, the second cylinders accommo- 
dating the second plungers each have a smaller sec- 
tional area than that of the first cylinders 
accommodating the first plungers. In this mode, when 
the phase shift occurs, the displacement amount of the 
first plungers can be made greater than the displace- 
ment amount of the second plungers, so that the curved 
surfaces can be more strongly pressed by the second 
plungers. Therefore, the rotary shaft can be more firmly 
coupled to the rotary cylinder. 

In accordance with still another preferred mode of 
the present invention, indentations are formed on the 
first opposed surfaces to increase the phase shift 
between the rotary shaft and the rotary cylinder. In this 
mode, the indentations ensure a greater phase shift, 
thereby increasing the displacement amount of the sec- 
ond plungers. This enables the second plungers to 
press the curved surfaces more strongly, thereby ensur- 
ing more firm coupling of the rotary shaft to the rotary 
cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating the major por- 
tion of a shaft coupling mechanism in accordance 
with an embodiment of the present invention in a 
state where no torque is loaded; 
Fig. 2 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism in a state 
where a torque is loaded; 

Fig. 3 is a partial plan view illustrating the major por- 
tion of a rolling mill including the shaft coupling 
mechanism; 

Fig. 4 is a partial plan view illustrating a coupling; 
Fig. 5 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism in a state 
where no torque is loaded; 
Fig. 6 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism in a state 
where a torque is loaded; • . 
Fig. 7 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism functioning 
when a roll is rotated in a reverse direction in a state 
where no torque is loaded; ■ 
Fig. 8 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism functioning 
when the roll is rotated in a reverse direction in a 
state where a torque is loaded; 
Fig. 9 is a sectional view illustrating the major por- 
tion of a shaft coupling mechanism in accordance 
with a second embodiment of the present invention; 
Fig. 10 is a sectional view illustrating the major por- 
tion of a shaft coupling mechanism in accordance 
with a third embodiment of the present invention; 
Fig. 1 1 is a sectional view illustrating the major por- 
tion of a shaft coupling mechanism in accordance 
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with a fourth embodiment of the present invention in 
a state where no torque is loaded; 

Fig. 12 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism shown in Fig. 
1 1 in a state where a torque is loaded; 
Ftg. 13 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism in accordance 
with a fifth embodiment of the present invention in a 
state where no torque is loaded; and 
Fig. 14 is a sectional view illustrating the major por- 
tion of the shaft coupling mechanism shown in Fig. 
1 3 in a state where a torque is loaded. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to the attached drawings, the 
present invention will hereinafter be described in detail 
by way of embodiments thereof. . \ , ■ ? 

Referring to Fig. 3, a drive shaft 1 driven by a power 
unit such as a rolling motor is coupled to one end 3a of 
a coupling 3. A roll shaft 21 of a roll 2 is coupled to an 
engagement opening 37 formed at the other end 3b of 
the coupling 3. The coupling mechanism serves to cou- 
ple the roll shaft 21 of the roll 2 to the engagement 
opening 37 of the coupling 3. 

As shown in Fig. 4. the coupling 3 includes: (1) a 
driving-side fitting yoke 31 coupled to the drive shaft 1 ; 
(2) a universal joint 32 for alignment coupled to the driv- 
ing-side fitting yoke 31 at one end thereof; (3) a spline 
shaft joint 6 coupled to the other end of the universal 
joint 32; (4) a universal joint 35 for alignment coupled to 
the spline shaft joint 6 at one end thereof; and (5) a 
driven-side fitting yoke 36 coupled to. the other end of 
the universal joint 35. The engagement opening 37 for 
engagement of the roll shaft 21 is formed in the driven- 



side fitting yoke 36. ■ : .V v > :A X t|- 

The spline shaft joint 6 includes:;(1) a driving-side 
shaft 33 coupled to the other end of the universal joint 
32; (2) a driven-side shaft 34 coupled to the universal 
joint 36 and rotatably united with the driving-side shaft 
33; and (3) a spring (not shown) disposed between the 
driving-side shaft 33 and the driven-side shaft 34 for 
resi lientiy biasing the driven-side shaft 34 toward the roll 
2. 



Referring \ to Fig.. 1 (illustrating a state for roll 
replacement) and Fig. 2 (illustrating a, state for rolling) 
which are sectional views taken along a line X-X in Fig. 
5, the outer peripheral surface 22 of the roll shaft 21 
includes a pair of flat surfaces 22A disposed opposite to 
each other and a pair of curved surfaces 22B disposed 
opposite to each other. An inner peripheral surface 38 of 
the engagement opening 37 includes a pair of first 
opposed surfaces 38A respectively facing opposite to 
the pair of flat surfaces 22A and a pair of second 
opposed surfaces 386 respectively facing opposite to 
the pair of curved surfaces 22B. 

As shown in Fig. 1 , a clearance provided between 
the flat surface 22A and the first opposed surface 38A 



facing opposite thereto is equivalent to a clearance pro- 
vided between the curved surface 22B and the second 
opposed surface 38B facing opposite thereto, when the 
phases of the rod shaft 21 and the coupling 3 coincide 
5 with each other. The clearances permit the attachment 
and detachment of the roll shaft 21 when no torque is 
loaded. Trie clearances are preferably about 0.3mm to 
about 0.5mm, which are substantially the same as 
those in the prior art Even if the wear of rods 42 and 52 
10 of first and second plungers 40 and 50 (which will be 
described later) disables the second plungers 50 from 
pressing the curved surfaces 22B, the level of the result- 
ing vibration may not be aggravated as much as in the 
prior art 

75 Referring to Fig. 5 (which illustrates the state for roll 
replacement), shaft coupling mechanisms P and shaft 
coupling mechanisms Q are alternately disposed at pre- 
determined intervals along an axis of the driven-side fit- 
ting yoke 36. The shaft coupling mechanisms P and Q 
20 are adapted to couple the roll shaft 21 to the coupling 3 
when the roll shaft is rotated in a normal direction as 
• shown in Fig. 1 and in a reverse direction as shown in 
Fig. 8, respectively. The construction of the shaft cou- 
pling mechanism P (see Fig. 1) is such that the con- 
25 struction of the shaft coupling mechanism Q (see Fig. 7) 
is laterally reversed. 

The shaft coupling mechanisms P each include: (1) 
first plungers 40 respectively disposed in association 
with the first opposed surfaces 38A, the first plungers 40 
30 are adapted to approach the flat surfaces 22A when the 
phase shift occurs, and to shift between projected posi- 
tions as shown in Fig. 1 and retracted positions as 
shown in Fig. 2; (2) second plungers 50 respectively 
disposed in association with the second opposed sur- 
ds faces 38B, the second plungers 50 are adapted to shift 
between projected positions ' as shown in Fig. 2 and 
retracted positions as shown in Fig. 1 ; (3) communica-. 
tion paths 60 for allowing the f irsTplungers 40 to com- - 
municate with the corresponding second plungers 50; • 
40 and (4) compression coil springs 70 serving as biasing > 
r* means for biasing the second plungers 50 toward the 
< retracted positions. .'*vy. kf^^Cv 'V • 

Oil flowing back and forth between the first and sec-- 
ond plungers 40 and 50 through the communication : 
X 45 path 60 communicating with the first and second plung- 
ers 40 and 50 allows either one of the first plunger 40 
and the second plunger 50 to be located in the retracted 
position with the other being* located in the projected 
position as shown in Figs. 1 and 2> ;l * : * 
so -•■ The first and second plungers 40 and 50 respec- 
tively include: (1) pistons 41 and 51 slidably accommo- 
dated in first and second cylinders 36a and 36b defined 
by the openings formed in the driven-side fitting yoke 
36; and (2) rods 42 and 52 slidably accommodated in 
55 through-holes extending from the cylinders 36a and 36b 
to the engagement opening 37. O-rings for sealing are 
fitted in annular grooves formed on outer peripheral sur- 
faces of the pistons 41 and 42. 
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Ends of the rods 52 of the second plungers 50 are 
concaved so as to be fitted onto the curved surfaces 
22B of the roll shaft 21. 

As shown in Fig. 1, the clearance S1 provided 
between the end of the rod 42 of the first plunger 40 and 5 
the flat surface 22A of the roll shaft 21 is equivalent to 
the clearance S2 provided between the end of the rod 
52 of the second plunger 50 and the curved surface 22B 
of the roll shaft 21 when the phases of the roll shaft 21 
and the coupling 3 coincide with each other. The first 10 
cylinder 36a has the same sectional area as the second 
cylinder 36b. 

The first and second cylinders 36a and 36b and the 
communication paths 60 are sealed with screw stop- 
pers 71 and sealing stoppers 72. respectively, and the 15 
oil is charged in the first and second cylinders 36a and 
36b and the communication paths 60. 

The construction of the shaft coupling mechanism 
Q for reverse rotation of the roll shaft 21 is substantially . 
the same as the shaft coupling mechanism P when the 20 
construction of the shaft coupling mechanism P is later-, 
ally reversed as described above. Therefore, like refer- 
ence numerals are assigned to like components of the 
shaft coupling mechanism P in Figs. 5 to 8. and an 
explanation for such components is omitted. 25 

The operation of the shaft coupling mechanism P 
(see Fig. 6) for normal rotation of the roll shaft will next 
be described. When a torque is transmitted during the 
driving of the roll shaft 21. the phase shift between the 
roll shaft 21 and the coupling 3 occurs as shown in Fig. 30 
2, so that the flat surfaces 22A push the first plungers 40 
which are retracted to the retracted positions. Hence, 
the oil flows from the first plungers 40 to the second 
plungers 50 through the communication paths 60, 
whereby the second plungers 50 press the correspond- 55 
ing curved surfaces 22B. As a result, the roll shaft 21 is 
coupled to the coupling 3. Since the clearances S1 and 
S2 are equal to each other and this sectional areas of 
the first and second cylinders 36a. and 36b are also 
equal to each other, the curved surfaces 22B are tightly 40 
secured by the pairs of second plungers .50 with no 
interference provided therebetween. On the other hand, 
if the phases of the roll shaft21 and the coupling 3 coin- 
cide with each other when the roll shaft 21 is not driven 
as shown in Fig. 1. the first plungers 40 which have 45 
been pushed by the flat surfaces 22A are released. - 
Hence, the second plungers 50 are pushed back to the 
retracted positions by the compression coil springs 70, 
whereby the oil flows back to the first plungers 40 from 
the second plungers 50. As a result, the first plungers so 
40 are returned to the projected positions. 

In accordance with this embodiment, since the 
clearances are formed around the roll shaft 21 when the 
roll shaft is not driven, the roll shaft 21 can be readily 
attached or detached to/from the engagement opening ss 
37. When the roll shaft 21 is driven, the second plungers 
50 press the curved surfaces 22B, whereby the roll shaft 
21 is coupled to the coupling 3 so that the occurrence of 
the vibration can be prevented. Thus, the shaft coupling 



mechanism having a simple construction, which is more 
compact and less expensive than the conventional 
hydraulic coupling devices, can be provided. 

Since the shaft coupling mechanisms P are axially 
spaced predetermined distances from each other as 
shown in Figs. 5 and 6, the roll shaft 21 is assuredly pre- 
vented from being inclined with respect to the axis of the 
engagement opening 37. 

The prior art in which a torque is loaded after the 
roll shaft is tightly secured in the engagement opening 
requires a spline structure for adjusting the length of the 
coupling to accommodate vertical fluctuation of the roll. 
In accordance with this embodiment, however, the 
adjustment of the length of the coupling 3 is not neces- 
sary because the roll shaft 21 is slightly drawn from the 
engagement opening 37 when the loading of a torque is 
started. Therefore, a spline shaft joint 6 may be dis- 
pensed with! 

For reverse rotation of the roil shaft 21 as shown in 
Fig. 8. the shaft coupling mechanism Q operates in sub- 
stantially the same manner as that of the shaft coupling 
mechanism P for the normal rotation of the roll shaft 21 . 

Fig. 9 illustrates a second embodiment of the 
present invention. Referring to Fig. 9. a difference in the 
construction between the second embodiment and the 
first embodiment shown in Fig. 1 is that the clearance 
S2 formed between the rod 52 of the second plunger 50 
and the curved surface 22B of the roll shaft 21 is smaller 
than the clearance S1 formed between the rod 42 of the 
first plunger 40 and the flat surface 22A of the roll shaft 
when the phases of the roll shaft 21 and the coupling 3 
coincide with each other. In this embodiment the stroke 
amounts of the second plungers 50 can be increased in 
comparison with the first embodiment shown in Fig. 1, 
whereby the curved surfaces 22B of the roll shaft 21 can 
be tightly secured by the pairs of second plungers 50 
with interferences provided therebetween. Therefore, 
tighter coupling can be realized. . , 

Fig. 10 illustrates a third embodiment of the present 
invention. Referring to Fig. 10. a difference in the con- 
struction between the third embodiment and the first 
embodiment shown in Fig. Us that the diameter d2 of 
the second, cylinder 36b is smaller. than the diameter d1 * 
of the first cylinder 36a. That is, the second cylinder 36b 
has a smaller sectional area than the first cylinder 36a. 
In this embodiment, the stroke amounts of the second 
plungers 50 can be increased in comparison with the 
first embodiment shown in Fig. V whereby the curved 
surfaces 22B of the roll shaft 21 can be tightly secured 
by the pairs of second plungers 50 with interferences 
provided therebetween. Therefore, tighter coupling can 
be realized. 

Figs. 1 1 and 12 illustrate a shaft coupling mecha- 
nism in accordance with a fourth embodiment of the 
present invention. Fig. 1 1 shows a state of the shaft 
coupling mechanism for roll replacement, and Fig. 12 
shows a state of the shaft coupling mechanism for roll- 
ing (or for the driving of the roll shaft 21). Referring to 
Figs. 11 and 12, a difference in the construction 
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between the fourth embodiment and the first embodi- 
ment shown in Fig. 1 is that indentations 38C are 
formed at junctures between the first opposed surfaces 
38A and the second opposed surfaces 38B thereby 
increasing the phase shift between the roll shaft 21 and s 
the coupling. 

In accordance with this embodiment, the clearance 
formed between the flat surface 22 A of the roll shaft 21 
and the first opposed surface 38A is the same as that in 
the first embodiment. However, the edge portions of the 10 
flat surfaces 22A of the roll shaft 21 enter the indenta- 
tions 38C. so that the stroke amounts of the f irstplung- 
ers 40 can be increased. As a result, the stroke 
amounts of the second plungers 50 are increased, 
thereby allowing the pairs of second plungers 50 to is 
tightly secure the curved surfaces 22B of the roll shaft 
21 with interferences provided therebetween. Thus, 
tighter coupling can be realized. 

The clearances provided between the flat surfaces 
22A and portions of the first opposed surfaces 38 A 20 
other than the indented portions 38C are preferably 
about 0.3mm to about 0.5mm which are substantially 
the same as those in the prior art. Even if the wear of 
the rods 42 and 52 of the first and second plungers 40 
and 50 disables the second plungers 50 from pressing 25 
the curved surfaces 22B. the performance of the shaft 
coupling mechanism may not be degraded by the result* 
ing vibration as much as in the prior art It should be 
noted that two pairs of indentations 38C are provided 
because the roll 2 is rotated both in a normal direction 30 
and in a reverse direction. .. < 

Figs. 13 and 14 illustrate a shaft coupling mecha- 
nism in accordance with a fifth embodiment of the 
present invention. Fig. A3 shows a state of the shaft 
coupling mechanism for roll replacement, and Fig. 14 ; > 35 
shows a state of the shaft coupling mechanism for roll- _ /> 
ing (or for the driving of the roll shaft). Referring to Figs. 
13 and 14, differences in the construction between the 
fifth embodiment and the first embodiment shown in Fig. » 
1 are that in the construction of the; fifth embodiment *o 
the first opposed surfaces 38A respectively face oppo- > ^ 
site to the first plungers 40 across the roll shaft 21 . and - 
that the shaft coupling mechanism has: (1) third plung- - \ ? 
ers 80 adapted to be shifted between projected posi- i'- 
tions as shown in Fig. 13 and retracted positions as ' 45 
shown in Fig. 14; (2) compression coil springs 90 serv- 
ing as biasing means for biasing the third plungers 80 
toward the retracted positions; and (3) communication 
paths 100 for allowing third cylinders 36c which accom- -\ -v;* 
modates the third plungers 80 to communicate with the so" * 
second cylinders 36b. • i ■ : , .. r--'..,-, 

The sectional area of the second plunger 50 is 
smaller than that of the first plunger 40, and the sec- " 
tional area of the third plunger 36c is smaller than that of 
the second plunger 36b. This allows the oil from the first 55 
cylinders 36a to be distributed to both the second cylin- • ■ 
ders 36b and the third cylinders 36c. 

In this embodiment compression coil springs 110, 
120 and 130 are respectively provided for biasing the 
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first, second and third plungers 40. 50 and 80 toward 
the projected positions. The compression coil springs 
110, 120 and 130 respectively allow the first plungers 
40, the second plungers 50 and the third plungers 80 to 
be pushed back to original positions when the roll shaft 
is not driven. More specifically, when the compression 
coil springs 1 10 urge the first plungers 40 and thereby 
the oil flows back to the first cylinders 36a, the forces 
applied by the compression coil springs 70 and 90 are 
balanced with forces applied by the compression coil 
springs 120 and 130, respectively, so that the second 
plungers 50 and the third plungers 80 are pushed back 
to the original positions. 

In accordance with this embodiment, the third 
plungers 80 projected to the projected positions push 
the flat surfaces 22A of the roll shaft 21 toward the first 
plungers 40 when the phase shift occurs as shown in 
Fig. 14. Therefore, the roll shaft 21 can be firmly cou- 
pled to the coupling 3, thereby assuredly preventing the 
vibration and unstableness of the roll shaft 21. When 
the roll shaft is not driven, the third plungers 80 are 
pushed back to the retracted positions by the compres- 
sion coil springs 90. 

It should be understood that the present invention is 
not limited to the aforesaid embodiments. Where the roll 
shaft is adapted to rotate in one direction, for example, 
either ones of the shaft coupling mechanisms P or Q 
may be employed depending on the rotational direction. 
Various modifications may be made without departing 
from the spirit and scope of the present invention. 

Claims 

1 . A shaft coupling mechanism comprising 

• a rotary shaft (21) and a rotary cylinder (3b) 
which are engaged with each other for transmission 
of a torque in a state where a predetermined phase 
shift therebetween is permitted, v 

"- ? the rotary shaft (21) and the rotary cylinder 
(3b) having a first clearance therebetween which is 
adapted to be reduced according to a phase shift 
and a second clearance therebetween which is 
, always constant regardless of the phase shift, and 
- a hydraulic mechanism (36a, 40, 60, 36b, 
v 50, 36c; 80, 1 00) for transforming a force applied as 
fluid pressure for reducing the first clearance into a 
force for retaining the rotary shaft (2 1 ) in the second 
clearance. ' ; : .". v 



2: A shaft coupling mechanism as set forth in claim 1 . 
wherein • - ; : . 

the rotary shaft (21) has an outer peripheral 
surface including a pair of flat surfaces (22A) dis- 
posed opposite to each other, and a pair of curved 
surfaces (22B) disposed opposite to each other. 

the rotary cylinder (3b) has an inner periph- 
eral surface including a pair of first opposed sur- 
faces (38A) respectively facing opposite to the pair 
of flat surfaces (22 A) with a space including the first 
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clearance interposed therebetween, and a pair of shift between the rotary shaft (21) and the rotary 

second opposed surfaces (38B) respectively facing cylinder (3b). 

opposite to the pair of the curved surfaces (22B) 
with the second clearance interposed therebe- 
tween, and 5 

the hydraulic mechanism comprises: 

first plungers (40) respectively accommo- 
dated in first cylinders (36a) provided in association 
with the first opposed surfaces (38A), which are 
adapted to approach the flat surfaces (22A) when a w 
phase shift occurs and to shift between projected 
positions and retracted positions where the first 
plungers are pushed for retraction by the corre- 
sponding flat surfaces when the phase shift occurs; 

second plungers (50) respectively accom- 15 
modated in second cylinders (36b) provided in 
association with the second opposed surfaces 
(38B). which are adapted to shift between projected 
positions where the second plungers (50) can press 
the corresponding curved surfaces (22B) and 20 
retracted positions where the second plungers (50) 
are spaced apart from the corresponding curved 
surfaces (22B); 

communication paths (60) for allowing the 
first cylinders (36a) to communicate with the corre- 2s 
sponding second cylinders (36b) to form closed 
fluid lines; and 

biasing means (70) for biasing the second 
plungers (50) toward the retracted positions. 

30 

3. A shaft coupling mechanism as set forth in claim 2, 
wherein 

the hydraulic mechanism further comprises: 

third plungers (80) respectively accommo- 
dated in third cylinders (36c) provided in associa- 35 
tion with the first opposed surfaces (38A) which are 
spaced apart from the flat surfaces (22A) when the 
phase shift occurs, the third plungers (80) are 
shifted between projected positions where the third 
plungers (80) press the flat surfaces (22A) and 40 
retracted positions where the third plungers (80) 

are spaced apart from the flat surfaces (22A); , \ "** 

biasing means (90) for biasing the third \ ' . ; _ - 

plungers (80) toward the retracted positions; and : . % 

communication paths (100) for allowing the. 45 
third cylinders (36c) to communicate with at least 

either ones of the first cylinders (36a) or the second 
cylinders (36b). 

■ * 

4. A shaft coupling mechanism as set forth in claim 2 so 
or 3. wherein 

the second cylinders (36b) each have a 
smaller sectional area than the first cylinders (36a). 

5. A shaft coupling mechanism as set forth in any one ss 
of claims 2 to 4, wherein 

each of the first opposed surfaces (38A) is 
formed with a recess (38c) for increasing the phase 
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